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ABSTRACT 


The work presented in this thesis mainly deals with the 
sea-surface effects in satellite microwave radiation measuremenis . 

The earth receives nearly all its energy from the sun in 
form of electromagnetic radiation, the hulk of it being heL ow 
0.4 [xm. A redistribution of this energy takes place due to the 
earth-atmosphere systems, which reradiates in the long wave 
length (mm and cm) region. The satellite 'BHASKAR' observes 
this microwave radiation at two different frequencies viz. 

22.235 GHz and 19.35 GHz by radiometers on board, and scales it 
in terms of brightness temperatures. 

The contribution towards the total brightness tempe- 
ratures comes from (i) earth emission attenuated by atmosphere 
(ii) self attenuated atmospheric emission (iii) reflected part 
of the downward atmospheric emission. An attanpt has been made I 

to study these brightness temperatures at the above mentioned | 

frequencies and their dependences on various surface and atmos- j 

j 

pheric parameters has been estimated, lastly, as a preliminary | 
result, the total brightness temperature has been written | 

f 

empirically in terms of the most sensitive parameters, upon | 

which it depends. i 
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CHAPTER 1 
THTRODUCTION 

The earth receives virtually all its energy from space 
in the form of solar electromagnetic radiation. The mean 
temperature of the earth does not vary significantly over time 
periods of the order of centuries, indicating a reasonably close 
over all balance between the absorbed solar radiation and the 
diffuse stream of low temperature thermal radiation emitted by 
the planet. 

The irradiabion at mean solar distance know as the 

2 

solar constant, is approximately 2 Oal ./cm /min. , providing a 

2 

mean flux of about 0.5 Cal. /cm /min., the factor 4 being the 
ratio of the surface area to the cross-section of a sphere. 

Of this, approximately 40 *% is reflected back, and the rest 
i.e. 0.3 Cal. /cm /din. is absorbed by the earth's atmosphere. 

This energ^r is radiated back into space as long 
wavelength thermal radiation. Assuming earth to radiate as a 
black body in the infra red spectrum. :Je can compute the 
general level of terrestrial temperatures. The energy absorbed 
by the earth can be written as 

2 ^ 

absorbed energy = S n r (1 - a) ’ (l«l) 

2 

where S = solar constant = 2 Cal. /cm /min. 

r = radius of earth 

a = albedo for solar radiation = 0.4. 
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-Che ener.gy emitted h/ the earth is 

2 4 

smithed energ/ = 4m r 


( 1 . 2 ) 


wher& a = Stsfaii-Boltzman constant 


^■~'e ~ Equivalent emission temperature of earth. 


If the planet is in stead/ state, we raay equate (l.l) 
and (l-2j obtaining a value of 246.5 for Ihe computed 

temperature is lov'er than the average for the earth's surface, 
but is close to the average temperature of the atmosphere itself, 
indicating that a considerable fraction of the terrestrial 
radiation comes from the atmosphere and not fx'om the surface. 

Assuming the sun and the earth to be black bodies at 
6000 and 246.5 respectively, the spectral intensity B 
is given by the Planck's formula 


.1 


2hc^7: 


1 


[^ho/>,kI •_ 


( 1 . 3 ) 


and is shown in fig. (l.l). 



Pig. 1.1. .lack body curves for .6000 K and 245 h. Phe 
lines below show the departure from black body 
spectrum. 
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It may be noted that the solar flux lies entirely below 
a wavelength of about and the terrestial flux entirely above 
it. It is therefore, possible to treat the terrestrial and 
solar fluxes separately. 

^ Of course, the actual spectrinn of the solar as v;ell as 
terrestrial radiation is not exactly the blach body specti’um. 

In the case of terrestrial radiation the terrestrial surface 
emitts its own characteristic radiati''n dependin,g upon the 
nature and the tenperature of the surface in various geographical 
regions. Ihis radiation is further modified by the atmospheric 
constituents, Kie final spectrum is schematically shovm in 
fig. (l.l). It is the departure from the black body spectrum 
which provides information abgut the state of the atmosphere 
and the surface of blie earth. This is analogous to -learning 
about the solar sti.-ucture from Praunhoffer lines. 

I'he surface emission, assumed to be governed by 
liirchoff's law, is given by 

where e •, is the enissivity which depends upon the nature of 

A 

the surface. In the atmosphere the principal constituents are 
O 2 , ^ are almost transparent to wavelengths greater 

than 4|i but minor polyatomic constituents such as HgO , CO 2 , 0^ 
etc. have intense and complex absorption spectra and are 
present in sufficient cjuantities to absorb a good portion of 
the terrestrial radiation. Dust, haze- and particularly 
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clouds (condensed water) absorb strongly almost throughout the 
infra-red spectra. Ihe general absorption characteristics are 


shov-m in figure 1,2, 



Ihe use of artificial earth satellites in the seventees 
has changed the content and greatly increased the volume of 
information about the terrestrial radiation. In this, the 
visible and infra-red spectra regions have been studied more 
extensively. Mach can also be learnt from the longer mm and 
cm waves (microwaves) . 

i 

There are some advantages in carrying out microwave | 

radiation measuro'oents. ! 

! 

(i) In the micro’.:ave region the absorption is due to rota- | 

[ 

tiondl transitions in H2O and Og molecules. in the atmos- | 
phere and the spectral lines are reasonably well separated. | 
Therefore, one can choose to look at a resonance frequency | 
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or at an off resonance frequency to stress either the 
atmosp.he.oic effect or the ground effect in radiation. 

(ii, The absorption coefficients at these separate resonant 
frequencies can he calculated more easily from first 
principles. In the infra-red region, on the other hand, 
there are overlapping lines forming hands and appropriate 
• hand moilels have to he used to obtain the absorption 

coefficients. 

(iii) Clouds 'condensed water} are opaqiie to infra red 

radiation starting from the ground hut they are reasonably 
transparent in the microwave region. One can, therefore, 
study the surface of the earth even in cloudy weather, 
which is important, since the cloud cover is over about 
60 of che terrestrial surface. I’he structure of the 
clouds themselves can he studied. 

Considering that the terrestrial spectrum peaks at about 
13 pm, one would expect very small intensities at the tail end 
of the Planck's distribution ai-ound a cm. It is true that the 
black body intensity decreases as one goes from x = 10 pm to 
1 cm but the minimum perceptible power for a microwave receiver 

Q 

is lower by a factor IQ compared to infra-red receivers, Ihe 
lower level of the microwave signal can therefore readily be 
coped with. 

However, there is a disadvantage in going to microwave 
region keeping in view the angular resolution. 3y Rayleigh 

criterion the minimum angle of resolution is given by 
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where D is the size of the ante3ana. As increases from [am to 
cm region, it is necessary to increase the antenna size to keep 
the value of ,j low. 

On June 7, 1979, the satellite 'Bhaskar' of the Indian 
Space Research Organization was launched from a Russian 
cosmodrome v/i bh a Russian rocket. Ihe satellite which orbits 
at a mean height of 525 kms carries 3 microwave radiometers, t'/o 
of ^themb are timed at 19.35 IHz and one at 22.235 GHz, which 
iacalbo' resonande frequencjes for rotational transitions in 
water (vapour, molecule. Ihe radiometer raeasures intensity 
in terms of the brightness temperature I- is given by 

0 ^ 

= "V- 

j 2=/K 

K being the Loltzman constant. 

Ihe tern.- era ture resolution of the radiometers is 1 
Ihe radiation gathering horns percieves a circle of 150 km 
diameter at 19.35 GJz and 200 km diameter at 22.235 GHz. Ihe 
brightness temperature data is gathered whenever the satellite 
appears above the day horizon at Ahmedabad and Sri liarikota 
Space Centres and is transmitted to these stations. A typical 
Sequence of data , gathered is shown in figure 1.3* 

Ihe intensity measured by the satellite can be conveni- 
ently divided into three components as shown in fig. 1.4. 

Ig(l) is the surface emission attenuated by the atmosphere. 

IgClI) is the self attenuated atmospheric emission and Ijg(III) 
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is the reflected part of the downward atmospheric emission, fhe 
net brightness temperature is therefore given bj 


-b 


f (II) + 

Sj jO 



In the present project we have developed a computer 
programme to cslculate Tg(l), lg{ll) and i'pi'IIl) and thus, 
connect the observed brightness temperatures with the charac- 
teristic parameters of the atmosphere and surface in cloudless 


skies. In the limited time available for this project, in the 
one year il. Philo programme, we could use it only for a couple 
of applications., Je have firstly tried to estimate the relative 
contributions of the surface and of the atmosphere over land 


and oceans. Secondly we have estimated the sensitivity of the 
brightness temperature to the variations in various parameters. 
Pinally, we ha^'e attempted to express the brightness temperatu.:.’e 
empirically involving some linear terms for ready calculations, 


without a computer programme. 



lall 


1*^* ^ S« 1I®»W %im iA®w* I*»¥^ ®%2? 

l’Si*5 ii. *•” 





CHAPTER 2 


RADIATIVE PROCESS 


In this chapter we intend to discuss some important 
relations, useful in the study of terrestrial radiation. 


2 . 1 Intensity and Plux 



Pig, 2.1. A Cone presenting area dAg perpendicular to the 
direction of radiation team. 

Consider a point P in the radiation field, let S be a 

direction defining vector through P. let dAg be an element 

of area with S as normal* Consider a cone with vertex angle 

d£i circumscribing area dA as shown, 
s ^ 

let d'^E y be the radiative energy in the frequency 
interval V to V+ dV passing through dAg per unit time and 
confined to the cone. Then the intensity of radiation I^,(S) 
at P in the direction S is defined by 


V 


(^y = 


d^E 


dV dt dA„ 


(2.1 


However, if the direction of S and the element of afea 
dA™ are not same as in fig. 2.2 then the energy d^E'v passing 
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S 


Pig. 2.2. The eleraent area dAR makes an angle with the 
direcbion of incident radiation. 

through dAj^ due to the radiant beam along S is 

d^^p;^ = I ^ ("S ) dV dt dAj^ cosQ dO. ‘ (2.2) 

•“7 

dAj^- COS0 being projection of dAj^ in the direction S. 

The total radient energy passing through dAj^ from one 
hemisphere to other is 

= dV dt dAj^ 1 I ^ (f) cosO dH 
hemisphere 

Plux is such energy passing per unit values of dV , dt and dA|^, 
and therefore 

r 

= jiv (S) cos0d5>_ , (2.3) 

■^hemisphere c 

2.2 Interaction of Radiation with Matter 

The energy d^E^ passing through Ag passes through A^, 
after a time ds/C. If however, matter is present in the 

4 

volume bounded by Ag, Ag, than the energy d E!^ passing through 
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matter which leads to extinction of the 
radiation beam. 


dA^, may not be equal to d^Ey due to the processes of absorption, 
emission, scattering out and scattering in, to the cone. ¥e 
assume that the rates of these processes are proportional to the 
mass of the matter contained in th$ active volume and further 
that the rate of absorption and scattering out is proportional 
to the intensity of radiation. rfe therefore have 


= [l y (S + ds) - I y (S) ] dV dt dA dil 
= dly d V dt dA d-Tl 


and 


,_ab j-rScO ,^ScI 

= dly + dl.,, + dly + dly 

(2.4) 

where 

dl5^ 

= ■ % 



di^ 

= P^fds 

(2.5) 



= 0^, Iv fds 



di-ScI 

V 

= /da 5, flics’) 



where a , o are respectiv0ly called the mass absorption and 

V ^ 
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mass scattering coefficients, and is the scattering distribu- 
tion function. 

A. A 

vie define = cc^f and as the volume 

A 

absorption coefficients and p will be discussed shortly. 

Therefore 


dly 

ds" 


(- % + I-.. + Pv + 


S’' S' S' 

... ( 2 . 6 ) 


2.3 Matter an d Radiation in Equilibrium 


The properties of radiation in thermodynamic equilibrium 
as in a constant temperature enclosure were first studied by 
Kirchoff in 1882 and important contributions were made by Planck 
in 1905 • 

The implications of the equilibrium condition are far 
reaching. They are ; 

(i) the radiation in thermodynamic equilibrium with matter 

0 

is homogeneous, unpolarised and isotropic, which implies 


div = 0 

(ii) since the temperature of matter is constant in time hence 
(dl5^ + dl®“) = 0. Therefore dl^^® + dl^°^ = 0 i.e. the 
scattering out is balanced by the scattering in. 

/ .. . . \ T 2hV^ '1 _ -Q 

Uii; -i-V - ^ hv/kT " ■ T ^VT 

c e - 1 

since 

ds = p^ ds 
or p^^ = ®vT 


( 2 . 8 ) 



12 


therefore in equilibrium state 


where 


dl^ 

ds~ 


-V 


0 , di: 


ab 


dl 


ScO 

V 


= - dl 


■= B 


VT 


ft ^ I y d s j ‘ dl ^ 


3cl 


^ V I ’ 


V 


2.4 Non-eqtiilibrium State 


dl 




In the non- equilibrium state, as in the case of atmosphere 
0 and q,. It is, however, assumed here that 


dl 


)} ^ “"“v negligible. 


ds ' ^ 

eni _ „ .T, ^^yScO ^ ^-pScI 

PT 

Thus 

. dl.. 

= (I 


a.jj ds 


V 




(2.9) 


-ft.^ Bj, implies that 


which is the equation of radiative transfer. 

The first assumption viz. dl^ = 
the emissive property of matter is same inside and outside an 
equilibrium enclosure. This cannot be strictly valid due to the 
process of induced emission. However, calculations show that 
this approxi}iiation is reasonably good for the conditions existing 
in the atmosphere. ■ The sec'ond assumption viz. (dl^°^ dl^^^) = 0 

really amounts to neglecting scattering processes. Unlike for 
the visible region, the scattering cross section, for the infra 
re^ and particularly for iaicrowaves, is expected to be small 
except in the presence of rain drops. 

2. 5 Solution of the Equation of Radiative Transfer 

The equation (2.9) has the solution 



CO 

r 
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] a(S) ds 


(Sq) 


ly (0) 


+ i ds aj^S) B,^j^(S)e 


-|°o:^3')as 


... ( 2 . 10 ) 


where 1^(0) = lyc + ItfR 

lyQ. "being th.e intensity of up’jvard ground emission at the surface 
and is the intensity of the reflected part of the downward 

atmospheric emisjion. 

Mow, if fQ. is the groxmd temperature, then Iyg_ = e 

G 

following from the definition of emissivity e . ifhat remains 
now i s to write an expression for I p. 


7— i Sa-teU r he. 



Fig, 2.4. Mon-specular reflection from earths surface 
contributes to build up I p^. 

AssuDiing that the satellite is looking vertically down- 
ward so that ds = dz where s = 0 corresponds to the groxmd 
level, fhe reflection from the surface is not necessarily 
specular and therefore several downward rays contribute to 
the intensity of the reflected vertical ray. In this situation 
it is necessary to consider the reflection distribution 
function^ ^ defined as follows. 
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^ (s 9 ) 


Fig, 2.5. 



^ ^ i 


Let_(l= (e fQ ) and -Q- = ( € , < 5 ^ ) denote two directions. 

If Iy(-^) is the intensity of the incident heam confined to a 
cone with solid angle d Jl , idien the intensity of the heam 
reflected in the direction il' is given hy 


s3') = r., (il ,fl') (il) 0030 dih 


( 2 . 11 ) 


The net intensity of the heam reflected in the direction Jl* due 
tc?''incident "beams from different directions il is then given by 


I C-dl') = 


r,, (h,^) Iv cose dil 


( 2 . 12 ) 


ni =271 


In our case, the direction-TI' is characterised = f =0 and | 

the intensity of the incident beam (-fL) from the directicaa -II il 


given by 


CO - i a(z') sec 0 dz ' 

(dl) = J dz seG0a(z) B^^^Cz) e (2.13) 


This expression is written in analogy of the second term of the | 

0 ! 

expression (2-10). Substitution of (2.13) in (2.12) gives the 
required reflected intensity We therefore have from (2.10) 


ly(co) = S ® 


(*« ,(z) dz 


o» \) 


c<ir%yi 



15 


" - f z ’ ) dz ’ 

+ I dz a^,(z) B^,^(z) e°^ 


co 


f _. r - 

+ I dilcost’ r^(_Q. ,il‘‘) j dz secWa^(z) B^j(z) 
iL =2 tx 


j 

^ o 


-|a^j(z*) sect^dz’l -ja^(z)dz 

X J e*^ 


(2.14) 


Tlie replacement ds = dz sec 0 is valid for a flat surface where 
the curvature of the earth’s surface in neglected. 'When, it is 
tahen into account we must write 


1 + 


ds 


z 

R 


2 ^ 2z ^2 !-l/2 

cos 6 + ^ ^ I 


dz 


(2.15) 


where R is the radius of the earth. 

In the long wavelength (Raylei^-Jean) limit the functicn 
can he well approximated by the expression 


B 


VI 


2V'^ 

c^" " 


k I 


(2.16) 


which is applicable for the microwave radiation from the earth. 

It is then convenient to express all intensities in terms of bnightsi 


ness temperatures defined by 

2 

2 \r 

ly = kl 

c 


(2.17) 


Ihereby, expression (2.14) can be written in terms of temperatures 

I and brightness temperatu:^ IB as 

J ay(z) dz 




IB (CO ) 
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+ j dz a^(z) T(z) 


a(zO dz’ 


'• -j a(z' )sec^ dz’ 

dil cos (v‘ r( i7. ,.n.') ^ ] dz sect/ a(z)T(z) e° / 


SI =271 


I a(z) dz 


z e 


(2.18) 


= TB(I) + TB(II) + IBCIII) 

In order to calculate the brightness teii 5 )erature IB(go) we must 
therefore know the following quantities 


%(z)» ®(z) and r(kl ,rL') 


2.6 Absoiption Coefficient a (z) 


The water molecule undergoes a rotational transition at 
= 22.235 G-Hz. The absoiption coefficient in the neighbourhood 

( 7 ) 

of this frequency has been calculated by Van VLeck^'*^ and is 


given by 


R IR 
a + a 


_644/T 


U-, e 


y 2a\)/ , + 1 I 

Av (y+yj-t av’- J 




where AV = O 3 (^/p^) + 4.6xl0'3^^ j (2.19) , 


and V, 


22.235 &Hz, 
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and = 3.507x10^ = 25.384x10“'^ = 2.62 

a is me astir ed in km 

Here is tlie resonant contribution and is the non- 
resonant contribution arising from the tails of distant reso- 
nances. It has been recognized experimentally that the 
theoretical coefficient of the non-resonant term has to be 
multiplied by a factor of 5 to obtain in agreement with the 
experimental values. This has been taken into account in 
writing equation (2.19). 

'Bie absorption coefficient is thus a function a-^(T, p/Pq' 
), i.e. of temperature I, pressure ratio p/Pq and vapour 
density at the height z where is required. In the 
hydrostatic approximation, temperature distribution T(z) deter- 
mines the pressure ratio p/p^, since 

(p/Pq) = expT -g/R I 

o 

To find Uy (z) we must therefore toiow the distribution T(z) of 
temperature and of the vapour. The data obtained by 

radiosondes provides these distributions, lltemately, models 
can be used. In this work, the following has be assumed 


( 2 . 20 > j 


T(z) = 1(0) -Yz 


= fjo) e' 


-k z 


( 2 . 21 ) 

( 2 . 22 ) 


with the above expression for the total water content ¥ in 


the atmosphere is given by 

CO 

dz = /v/(0)A 


¥ 


f 


(2.23) 


0 
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2.7 Emisslvity and the Reflection Distribution Function 

The emisslvity e^ and the reflection distrihution 
function are characteristic properties of the 

surfacel "* ‘ 

If a heam is incident in the direction -H. and is confined 
to a cone dll, the energy incident per unit intervals of , t 
and A (area) is I (-1-) cosfc' dil. Again if is the fraction 
reflected, a^j^ is the fraction absorbed and t-^j is the fraction 
transmitted, we must have 

Ry + a^ + ty = 1 (2.24) 

Por an opaque body we have ty = 0. It is assumed that ~ * 

the emisslvity. Therefore we have 

= 1 - ev (2.25) | 

I 

With the incident intensity l(i^), the reflected intensity in j 

-- 5 , ■ 1 

the direction JI' is given by | 

I 

I(jI') = r^(Il,?l') I(-Q.) cos9 an 

and the reflected energy can be written as 

I(/l') cost)' dH' = ry(-Q-,/l') K-il) cos 0 dil cos ^ dll'' 

Therefore the total reflected energy is given by 

I' 

I(il') COS0 dJl' = l(-f7) cosedXl J r^(il,/>') cosBdil | 

Jt=2% -A =271 

The fraction Ry of the incident energy which is reflected is 
therefore given by 
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COS0 dJl I r(Sl,n) oo8(^'d 

,:h: • ; 


a 


I (il ) cos 6 dSh 


J 




C n, ) CO s 


H =2n 


Since the reflection distribution function is symmetric i.e. 

r ( 11 , 11 , ) = r ( il', Tl ) we have 

f -i. z , 

= i cos^ d,l. 

-a' =2n 


Interchanging il andil'we have 


R. 


( 1-0 


-1 = 271 ; 


r (j7.,_q!) cosOd/l ( 2 . 26 ) 

V 


The emissiYity and are thus related by eq* (2#26)# 

According to equation (2*18) we have 


co' 


TB(III) = I drioosO v^(SL,a‘)^ I 


J1 =2jt 
2 


dz a(z) secGlCz) 

V 


GO 


J a(z') secOdz' 7 ( a(z) dz 

— h t — h V 


(2.27) 


This term can thus be calculated if the function r(-zl.,/l') is 
known. 

The function r(-Q f-fl) has been calculated by Shifrin et al» 
for sea water, land masses are however mudi less uniform from 
region to region and the function r(fl,ll.) is not available. It 
is necessary then to attempt to eliminate r(iI,-Q.) from (2.27) 
by using (2.26). So that the number of parameters characteristic 
of land are reduced to two, namely T^j and e^ . 33ais has been 
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attempted and discussed is the next chapter. 

It is therefore possible to calculate the brightness 
temperature IB if the following pararaeters are known. 

> '^G-’ ^o’ y ’ ’ 
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CHAPTER 5 

CALCULATIONS AND RESULTS 

3 *1 Calculations 


To carry out the calculations a computer programm.e, to 
calculate the absorption coefficient a^and the brightness 
temperatures TB(I), TB(II) and TB(III), was developed, Eor the 
calculation of as given by eq. 2.|<^f , the input parameters 
required are T^, y» H and W. Average values of these parameters 
during the winter months over New Delhi were used^^' \ to obtain 
a as a function of frequency (fig* 3.1) and a^as a function 
of height z (fig. 3.2). 

As seen in fig. 3.1 the curve a vs V is assymetric due 
to the non-re sonant term. As a function of z, decreases 
approximately exponentially. The values of a obtained agree 
well with those calculated by Rabinovich and Shchukin. 

Eor calculation of TB(I) and TB(II) the input parameters 
are a(z), ,V, Tq^ and y. These temperatures were calculated 

using equation 2. IS . However, the estimation of TB(III) is 
not so straightforward andrequires. a brief discussion. 

TB(III) is given by 


oo 


TB(III) 


di7. COS0 r (il 




271 


i,A)[ j 


CO 


- secGdz ! 
dz T(z) a sec^? e^ | ; 

J I 


dz 


X e 


= f 

Jl ^2% 


d/lcos^) r 


(Jl ) 


CO 


TD (0) e 


I, 


a^.dz 


(3.l| 




iiLteya. Ml.- 


A 85991 
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where 1^(0 ) is the "brightness temperature of the downward 
atmospheric emission approaching at an angle c; . This tempera- 
ture TD as a function of G is plotted in fig. 3* 3* ihrther, we 


rewrite 3-1 as 


TB(gjII) 



tc/2 

j d(-) sin 2 6 r^j(-7. ,.T) 


CO 

y— f a dz 

TBC &)]e ° 

J 

(3.2) 


The integrand in the above equation 3*2 is a product of r^ , T(0 ) 
and sin 29 , which are ialso shown in fig. 3-3- The values of ry 
used were taken as calculated by Shifrin and lonina^ ^ over sea. 

We note that the function r^j is negligibly small for 
angles 0> 45° i.e. downwards rays incident at an angle larger 
than 45° do not contribute significantly towards vertical 
reflection. The temperatures TD rise rapidly for angles above 
45°, and in this region the curvature effect due to earth is 
noticeable. However, since r^ vanishes in this region, it is ! 

not necessary to introduce the curvature effect as given by I 

! 

eq. 2.15. Rabinovich and Shchukin ^have calculated TB for meteorolcj 

r 

gical conditions prevailing in summer over the Caspian Sea. We [ 

i 

got identical results when we used their input parameters. | 

Over land the distribution function r^(il,A') is not known.' 

M i 

We have assumed here that the reflection distribution function | 

I 

would continue to be negligible beyond 45°, and then replaced the I 
function TD( 6 ) by its average value so that [ 


TB(III) 


TD(0 ) [1 - Sy] 


(3.3)1 
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3.2 Results 

At Space Applications Centre, Ahmedabad a working group 
was interested in finding the wind velocity over Oceanic surface 
by using the brightness temperabnre data at 19*35 G-Hz. The 
roughness nfai surf ace of the Oceans depends upon the wind 

velocity and this surface rouglihess in turn determines e^ and r^ . 
Once these are known the brightness temperature can be calculated. 
In their early work they neglected the atmospheric contributicn 
towards the brightness temperature. In view of this work we 
decided to check the atmospheric contribution over land and 
sea. 

¥e calculated the brightness temperatures under identical 
conditions over land, whose emi-ssivity was assumed to be 0.8, 
and over sea-, whose emissivity is calculated to be 0.396. The 
results are shown in Table 3.1- ground temperature of 

298 °K the brightness temperattire is 238.4 on land and 

119.2 °K on the sea. Ror the same ground temperature, the land, 
therefore, emitts much more. *^b.e temperatures TB(I) are lower 
than eTg, due to, attenuation in ibe atmosphere. Ihe temperatures 
TB(II) are representing the atmospheric emission and are the same 
over land and sea for a particjnlar frequency, since the atmos- 
pheric conditions were assume(3- io be identical. The temperature 
TB(III) is hi^er on sea than on land because the reflectivity 
of v/ater is more than that of land. ¥e next have a column for 
the net brightness temperature and finally a column for 

(TB - eTQ.) which is the atmos£>heric contribution. We note that 
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at 22.235 GrHz the atmospheric contribution is 22.46 °K over land 
and 75.09 K over sea. For identical state of the atmosphere 
the contribution is much more over oceans than over land. This 
is also true at the off resonance frequency of 19.35 GHz, although 
as expected, the atmospheric contributions at this off resonance 
frequency are less than that at the resonance frequency. 

We next considered the sensitivity of the brightness 
temperature to variations in various parameters. ¥e considered 
a standard state with Tq = Tq^ = 298 °K, y = 6.5 °K/km, K = 0.48 

—1 p 

km and W = 40 Kg/mt . ¥e then found the variation necessary in 
each of the parameters, which by itself, will cause a brightness 
temperature change of 1 °K, which is the sensitivity of the 
radiometers on 'Bhaskar' . The results are tabulated in table 3«2. 

It may be noted that a 1 change in the observed 
brightness temperature is caused by 1 - 2 change in the 
ten^erature of the surface. The surface temperatures can be 
accurately measured by surface stations on the land. This i 

cannot be easily done on the sea. Next, the brightness tempera- 

1 

ture is rather sensitive to the emissivity and a change of about j 

0.005 can be detected. | 

The brightness temperatures are quite insensitive to the j 

temperature lapse rate at 19.35 GHz. At the same frequency, j 

they are also quite insensitive to variations in K and W on land. | 

Finally they are quite insensitive to air temperatures near the | 

surface at 19.35 GHz. The variation of emissivity of water with 

(T ) 

the wind velocitsr was calculated by Shifrin and lonina " . 

From these iresults we conclude as follows: 
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(i) Even at the non resonant frequency of 19*35 G-Ha the 
atmospheric contribution is considerable (29*82 °K) over 
oceans and it cannot be neglected. Over land it is less 
(9*6 °K) 5 but not negligible. 

(ii) The contribution of the atmosphere over land at 19*35 G-Hz 
is hot only smaller but also relatively insensitive to 
the atmospheric parameters, in particular the total water 
content V/, This smaller contribution can thus be esti- 
mated with even approximate values of parameters as 
obtained by the radiosonde measurements. These are 
available on land and generally not available on sea. 

(iii) If polarization of the emission is not measured the 
change in emissivity with the change in wind speed from 
0-30 mt s/sec will cause a change of brightness tempera- 
ture of only about 1 °K, This effect is very likely to 
be masked by the change of atmospheric parameters over 
oceans. 

Therefore at the frequencies chosen, it is easier to 
study the land surface than the ocean surface* 

The variation, of brightness temperature with various 
parameters is shown in figs. 3*4 — 3*9* It may be noted that 
the dependence of brightness temperature on these parameters is 

linear or at the most quadratic. 

It is therefore possible to write a linear algebraic 
expression for the TB in terms of the more sensitive parameters. 
AS a preliminary result we find tHat we can at approximately 
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by using the relation 

TB = 0.866 e Iq. + 1.301 W - 4.876 x 10“^ (3.4) 

at 19.35 GHz. This expression needs to be improved by considering 
other possible terms in the expansion. 

At 22.235 GHz, the sensitivity of IB upon K and y 
increases apart from W, and therefore a relation similar to 
3.4 needs more careful analysis. It was not possible to complete 
this analysis by the dead line of the submission of this thesis. 
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TABLE 3*1* Atmospheric contrihution over land and sea. 


V 

e 

^G 

eT(, 

TB(I) 

TB(II) 

$B(III) 

TB 

(TB-eI|0 

(&Hz) 


(°E) 


{O^) 



(°K) 

(°K) 

22.235 

0.8 

298 

238.4 

182.07 

66.22 

12.56 

260.86 

22.46 


0.396 

298 

119.2 

90.13 

66.22 

37.94 

194.29 

75.09 

19.55 

0.8 

298 

238.4 

218.09 

24.34 

5.57 

248.0 

9.6 


0.39 6 

298 

119.2 

107.95 

24.34 

16.83 

149.12 

29.82 

TABLE 3 

.2. Sensitivity of 

TB on all 

parameters. 



(GHz) 

e 

TB 

dK) 

(°K) 

e 

Y 

K 

( ) 

W 

(Ok) 

22.235 

0.8 

1 

1.127 

0.006 

1.44 

0.3 

2.5 

3.63 


0.396 

1 

1.521 

0.00 6 

1.07 

0.1 

0.74 

2.82 

19.35 

0.8 

1 

1.23 

0.004 

6. 34 

0.23 

4.6 

11.97 


0.396 

1 

2.25 

0.004 

6.58 

0.105 

1.48 

12.82 
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Fi£,* 3.6 (a) I'lgure shows linear dependence ot the Brightoess 1 
tenperature TB upon TO, the earth's ground air teafierature | 

ahoye land. | 
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TbCh) 


248-5 


y Tg To y W cp 
I 19-35 i 298 0,298 0, 6-5. 40-0. 0-8 
n 22-235; 298 0,298-0. 6-5.40-0.0-8 

Tb vs. K 
(LAMD) 


248-0 


■ 147^5 


247-0 


260-0 


KCkm"') 

^ig. 3*8 (a) Figure shows quadratic dependercs of Brightness 
temperature upon K, the water vapour scale height over latirt 




1*0 To r Ep 

98-0. 298^0 ,65>0.0.0-3S6 
9B-0, 298-0, 6-5, 40 0,0.396 


fi«# 3*3 (fe) fXgwp^ aJmm tuafitmtl© A&p«nAm99 of origlfemowi 
tcmB€a:*a-tiure fB upoa K* %h0 watisr ii©powr ©iwi.# otrep ©os* 



u Tg To K r Ep 
22-235; 298-0, 298-0. 0-48, 6-5, 0-8 

19-35 ; 2980. 298-D. 0-48. 65,0-8 
Tr vs, W 


W(1<gms/mt2) 

Pig, 3.9 figure shows quadratic dependence of the brightness 
temperature T3 upon the total water content of the 
atmosphere , over land. 
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V Tg To K F P 

I 2 2 2 ? 5 i 2 'J8. 0, 2 96 0 , 0 48 , 6 b , 0 i96 

235 - !! 19 35 ; 298-0. 2900,0 48,6 5.0 3% 



12*^0 J L ! l_ J- L- 

'lO 20 30 40 50 60 W 80 



Pig. 3*9 (0) Figure shows quadratic dersndsnce of the brightne^ 
tec-r.crT.ture ’fB upon W, the total water content of the ntr.osphei 


OTer sea 
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